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(57) ABSTRACT

A hiquid crystal display includes a plurality of pixels includ-
ing a plurality of displaying subpixels corresponding to vari-
ous colors and a viewing angle controlling subpixel for con-
trolling a viewing angle, and a common electrode and a
retention capacitor respectively provided to the plurality of
pixels. Atleast one of the common electrode and the retention
capacitor 1s provided so that the plurality of displaying sub-
pixels and the viewing angle controlling subpixel are electri-
cally independent from each other 1n a region where each of
the plurality of pixels 1s provided.
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LIQUID CRYSTAL DISPLAY AND
ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-073725 filed 1n the Japan Patent Office on Mar. 25,
2009, the entire contents of which are hereby incorporated by
reference.

BACKGROUND

The present disclosure relates to a liquid crystal display
and an electronic device, more particularly, to a liquid crystal
display and an electronic device which has a plurality of
pixels including a plurality of displaying subpixels and a
viewing angle controlling subpixel.

A liquid crystal display having a plurality of displaying
subpixels and a viewing angle controlling subpixel 1s already
disclosed (for example, Japanese Unexamined Patent Appli-
cation Publication No. 2007-79525).

Japanese Unexamined Patent Application Publication No.
2007-79525 discloses a liquid crystal display in which each
pixel 1s composed of displaying subpixels, which respectively
correspond to displaying red R, green G and blue B, and a
viewing angle controlling subpixel W for controlling a view-
ing angle. In the liquid crystal display disclosed 1n Japanese
Unexamined Patent Application Publication No. 2007-
793525, 1t 1s considered that a common electrode (a retention
capacitor) 1s installed to the displaying subpixel and the view-
ing angle controlling subpixel. In addition, 1n the liquid crys-
tal display, a common electrode (a retention capacitor) 1s
generally installed to cover each pixel, and therefore, even 1n
the liquid crystal display disclosed in Japanese Unexamined
Patent Application Publication No. 2007-793525, 1t 1s consid-
ered that a common electrode 1s formed commonly at the
displaying subpixel and the viewing angle controlling sub-
pixel. In addition, 1 order to control a viewing angle, the
viewing angle controlling subpixel may be operated with a
higher potential than the displaying subpixel.

SUMMARY

However, 1n the liquid crystal display disclosed 1in Japanese
Unexamined Patent Application Publication No. 2007-
793525, 1n a case where the viewing angle controlling subpixel
1s operated with a higher potential than the displaying sub-
pixel 1 order to control a viewing angle, when the viewing,
angle controlling subpixel, which i1s operated with a high
potential, turns on or off, the potential applied to the display-
ing subpixel fluctuates mappropriately since the common
clectrode (the retention capacitor) 1s commonly used for the
displaying subpixel and the viewing angle controlling sub-
pixel. For this reason, the display quality 1s deteriorated.

It 1s desirable to provide a liquid crystal display and an
clectronic device which may suppress the deterioration of
display quality.

A ligquid crystal display according to an embodiment
includes a plurality of pixels including a plurality of display-
ing subpixels corresponding to various colors and a viewing
angle controlling subpixel for controlling a viewing angle;
and a common electrode and a retention capacitor respec-
tively provided to the plurality of pixels, wherein at least one
of the common electrode and the retention capacitor 1s pro-
vided so that the plurality of displaying subpixels and the
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2

viewing angle controlling subpixel are electrically indepen-
dent from each other 1n a region where each of the plurality of
pixels 1s provided.

In the liquad crystal display according to the embodiment,
in the region where each of the plurality of pixels 1s provided,
at least one of the common electrodes and the retention
capacitors 1s provided to the plurality of displaying subpixels
and the viewing angle controlling subpixel to be electrically
independent from each other, so that the displaying subpixels
and the viewing angle controlling subpixel are electrically
independent 1n the region where the pixel 1s provided, unlike
the case where both of the common electrode and the reten-
tion capacitor provided to the plurality of displaying subpix-
¢ls and the common electrode and the retention capacitor
provided to the viewing angle controlling subpixel are elec-
trically connected to each other 1n the region where the pixel
1s provided. Therefore, the displaying subpixels and the view-
ing angle controlling subpixel do not easily have any electric
influence on each other. By doing so, 1t is possible to suppress
the fluctuation of the potential applied to at least one of the
common electrode and the retention capacitors provided to
the displaying subpixels and applied to at least one of the
common electrode and the retention capacitor provided to the
viewing angle controlling subpixel, and therefore 1t 1s pos-
sible to suppress the deterioration of display quality.

The liquid crystal display according to the embodiment
preferably further includes a common electrode line electri-
cally connected to the common electrodes and a retention
capacitor line electrically connected to the retention capaci-
tors, and 1n the region where each of the plurality of pixels 1s
provided, the common electrodes and the retention capacitors
are respectively connected to the common electrode line and
the retention capacitor line so that at least one of the common
clectrodes and the retention capacitors 1s provided so that the
plurality of displaying subpixels and the viewing angle con-
trolling subpixel are electrically independent from each other.
By doing so, the fluctuation of the potential applied to at least
one of the common electrode connected to the common elec-
trode line and the retention capacitor connected to the reten-
tion capacitor line for the plurality of displaying subpixels
and applied to at least one of the common electrode connected
to the common electrode line and the retention capacitor
connected to the retention capacitor line for the viewing angle
controlling subpixel may be suppressed, and therefore 1t 1s
possible to suppress the deterioration of display quality.

In this case, preferably, the common electrode includes a
first common electrode disposed at the plurality of displaying
subpixels and a second common electrode electrically inde-
pendent from the first common electrode and disposed at the
viewing angle controlling subpixel, and the common elec-
trode line 1includes a first common electrode line connected to
the first common electrode and a second common electrode
line connected to the second common electrode and electr-
cally mndependent from the first common electrode line at
least 1n the region where each of the plurality of pixels 1s
provided. By doing so, at least 1n the region where each of the
plurality of pixels 1s provided, the first common electrode and
the second common electrode may be provided to be electri-
cally independent from each other, and the first common
clectrode line connected to the first common electrode and the
second common electrode line connected to the second com-
mon electrode may be provided to be electrically independent
from each other.

In the liquid crystal display having the common electrode
which includes the first common electrode and the second
common electrode, preferably, the single first common elec-
trode 1s commonly provided to the plurality of displaying
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subpixels, the single second common electrode 1s provided to
the viewing angle controlling subpixel, the single first com-
mon electrode commonly formed at the plurality of display-
ing subpixels 1s connected to the single first common elec-
trode line, and the single second common electrode formed at
the viewing angle controlling subpixel 1s connected to the
single second common electrode line. By doing so, at least in
the region where each of the plurality of pixels 1s provided,
the first common electrode and the single second common
clectrode may be provided to be electrically independent
from each other, and also the single first common electrode
line connected to the first common electrode and the single
second common electrode line connected to the single second
common ¢lectrode may be provided to be electrically 1inde-
pendent from each other.

In the liquid crystal display having the common electrode
line and the retention capacitor line, preferably, the retention
capacitor includes a first retention capacitor disposed at the
plurality of displaying subpixels and a second retention
capacitor electrically independent from the first retention
capacitor and disposed at the viewing angle controlling sub-
pixel, and the retention capacitor line includes a first retention
capacitor line connected to the first retention capacitor and a
second retention capacitor line connected to the second reten-
tion capacitor and electrically mmdependent from the first
retention capacitor line at least 1n the region where each of the
plurality of pixels 1s provided. By doing so, at least in the
region where each of the plurality of pixels 1s provided, the
first retention capacitor and the second retention capacitor
may be provided to be electrically independent from each
other, and also the first retention capacitor line connected to
the first retention capacitor and the second retention capacitor
line connected to the second retention capacitor may be pro-
vided to be electrically independent from each other.

In this case, preferably, the first retention capacitor i1s
respectively provided to each of the plurality of displaying
subpixels, the single second retention capacitor 1s provided to
the viewing angle controlling subpixel, the plurality of first
retention capacitors formed at the plurality of displaying sub-
pixels are connected to the single first retention capacitor line,
and the single second retention capacitor formed at the view-
ing angle controlling subpixel 1s connected to the single sec-
ond retention capacitor line. By doing so, at least in the region
where each of the plurality of pixels 1s provided, the first
retention capacitor and the second retention capacitor may be
provided to be electrically independent from each other, and
also the single first retention capacitor line connected to the
first retention capacitor and the single second retention
capacitor line connected to the single second retention
capacitor may be provided to be electrically independent
from each other.

The liquid crystal display according to the first embodi-
ment preferably further includes a first substrate; a pixel
transistor formed on the surface of the first substrate; a pixel
clectrode electrically connected to the pixel transistor; and a
second substrate provided to face the first substrate with a
liquid crystal layer being interposed between the first and
second substrates, wherein the common electrode 1s formed
on a surface of the second substrate at a side of the liquid
crystal layer, wherein the plurality of displaying subpixels
and the viewing angle controlling subpixel are configured to
be operated by a vertical electric field generated between the
pixel electrode and the common electrode, and wherein, in the
region where each of the plurality of pixels 1s provided, at
least one of the common electrode and the retention capacitor
1s provided so that the plurality of displaying subpixels and
the viewing angle controlling subpixel are electrically inde-
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4

pendent from each other. By doing so, in the plurality of
displaying subpixels and the viewing angle controlling sub-
pixel in the vertical electric field system, it 1s possible to
suppress the deterioration of display quality due to the tluc-
tuation of the potential of at least one of the common elec-
trode and the retention capacitor.

The liquid crystal display according to the first embodi-
ment preferably further includes a third substrate; a pixel
transistor formed on the surface of the third substrate; and a
pixel electrode provided to the third substrate and electrically
connected to the pixel transistor, wherein the common elec-
trode 1s formed on the surface of the pixel electrode of the
third substrate by an insulation film, wherein the plurality of
displaying subpixels and the viewing angle controlling sub-
pixel are configured to be operated by a lateral electric field
generated between the pixel electrode and the common elec-
trode 1n each of the plurality of pixels, and wherein, 1n the
region where each of the plurality of pixels 1s provided, at
least one of the common electrode and the retention capacitor
1s provided so that the plurality of displaying subpixels and
the viewing angle controlling subpixel are electrically inde-
pendent from each other. By doing so, in the plurality of
displaying subpixels and the viewing angle controlling sub-
pixel 1n the lateral electric field system, it 1s possible to
suppress the deterioration of display quality due to the fluc-
tuation of the potential of at least one of the common elec-
trode and the retention capacitor.

The liquid crystal display according to the first embodi-
ment preferably further includes a pixel electrode respec-
tively provided to the plurality of displaying subpixels and the
viewing angle controlling subpixel, wherein the plurality of
displaying subpixels are configured to be operated by a lateral
clectric field generated between the pixel electrode and the
common electrode 1n each of the plurality of pixels, wherein
the viewing angle controlling subpixel 1s configured to be
operated by a vertical electric field generated between the
pixel electrode and the common electrode 1n each of the
plurality of pixels, and wherein, 1n the region where each of
the plurality of pixels 1s provided, at least one of the common
clectrode and the retention capacitor 1s provided so that the
plurality of displaying subpixels and the viewing angle con-
trolling subpixel are electrically independent from each other.
By doing so, 1n the plurality of displaying subpixels in the
lateral electric field system and the viewing angle controlling
subpixel 1n the vertical electric field system, 1t 1s possible to
suppress the deterioration of display quality due to the fluc-
tuation of the potential of at least one of the common elec-
trode and the retention capacitor.

The liquid crystal display according to the first embodi-
ment preferably turther includes a potential supplying unit
which applies a common potential to the common electrode
provided to the plurality of displaying subpixels and the com-
mon electrode provided to the viewing angle controlling sub-
pixel. By doing so, the common potential may be easily
applied to the common electrode provided to the plurality of
displaying subpixels and the common electrode provided to
the viewing angle controlling subpixel by means of the poten-
tial supplying unit.

In this case, preferably, the potential supplying unit
includes a first potential supplying unit which applies a first
common potential to the common electrode provided to the
plurality of displaying subpixels and a second potential sup-
plying unit which applies a second common potential to the
common electrode provided to the viewing angle controlling
subpixel. By doing so, the first common potential may be
applied to the common electrode provided to the plurality of
displaying subpixels by means of the first potential supplying
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unit, and also the second common potential may be applied to
the common electrode provided to the viewing angle control-
ling subpixel by means of the second potential supplying unat,
which enables different common potentials to be applied.

An electronic device according to another embodiment
includes the liquid crystal display having some of the above
configurations. By doing so, it 1s possible to provide an elec-
tronic device having a liquid crystal display which may sup-
press the deterioration of display quality.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a plan view showing a liquid crystal display
according to a first embodiment;

FIG. 2 1s a plan view showing a pixel of the liquid crystal
display according to the first embodiment;

FIG. 3 1s a cross-sectional view showing a pixel, taken
along the line of FIG. 2;

FI1G. 4 1s a detailed cross-sectional view showing the pixel
of the liquid crystal display according to the first embodi-
ment;

FIG. 5 15 a plan view showing a pixel of a liquid crystal
display according to a second embodiment;

FIG. 6 1s a cross-sectional view showing a pixel, taken
along the line VI-VI of FIG. 5;

FIG. 7 1s a plan view showing a pixel of a liquid crystal
display according to a third embodiment;

FIG. 8 1s a cross-sectional view showing a pixel, taken
along the line VIII-VIII of FIG. 6;

FIG. 9 1s a plan view showing a pixel of a liquid crystal
display according to a fourth embodiment;

FIG. 10 1s a cross-sectional view showing a pixel, taken
along the line X-X of FIG. 9;

FI1G. 11 1s a detailed cross-sectional view showing the pixel
of the liquid crystal display according to a fourth embodi-
ment,

FIG. 12 1s a plan view showing a liquid crystal display
according to a fifth embodiment;

FI1G. 13 1s a plan view showing a pixel of the liquid crystal
display according to the fifth embodiment;

FIG. 14 1s a cross-sectional view showing a pixel, taken
along the line XIV-XIV of FIG. 13;

FIG. 151s a detailed cross-sectional view showing the pixel
of the liquid crystal display according to the fifth embodi-
ment;

FIG. 16 1s a diagram for illustrating a first example of an
clectronic device using the liquid crystal display according to
the first to fifth embodiments:

FI1G. 17 1s a diagram {for illustrating a second example of
the electronic device using the liquid crystal display accord-
ing to the first to fifth embodiments; and

FI1G. 18 15 a diagram for 1llustrating a third example of the
clectronic device using the liquid crystal display according to
the first to fiftth embodiments.

DETAILED DESCRIPTION

Hereinafter, embodiments will be described with reference
to the drawings.

First Embodiment

First, the configuration of a liqud crystal display 100
according to a first embodiment will be described with refer-
ence to F1GS. 1 to 3.
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In the liqmd crystal display 100 according to the first
embodiment, as shown 1n FIG. 1, a plurality of pixels 2 are
installed to a display unit 1 in a matrix pattern.

Here, 1n the first embodiment, the plurality of pixels 2 are
composed of four rectangular subpixels including displaying
subpixels 2a(R), 256(G) and 2¢(B), which respectively corre-
spond to displaying red R, green G and blue B, and a viewing
angle controlling subpixel 24(W). In addition, the viewing
angle controlling subpixel 24 has a function of emitting a
transparent or white light 1n order to control the range of a
viewing angle of the image displayed by the display unit 1.

In addition, a plurality of gate lines 3 are installed to the
display unit 1, and a plurality of signal lines 4 are installed 1n
a direction orthogonal to the plurality of gate lines 3. The
displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixel 2d are arranged 1n a matrix pattern at cross
points of the gate lines 3 and the signal lines 4.

In addition, a pixel transistor 5, a liquid crystal layer 6 and
retention capacitors 7a (7b, 7c) and 7d are installed to each of
the displaying subpixels 2a (2b, 2¢) and the viewing angle
controlling subpixel 2d. Moreover, the retention capacitors
7ato 7c are one example of a “first retention capacitor” of the
present disclosure, and the retention capacitor 7d 1s one
example of a “second retention capacitor” of the present
disclosure. In addition, a gate electrode 8 of the pixel transis-
tor 3 1s connected to the gate line 3. A source electrode 9 of the
pixel transistor S 1s connected to the signal line 4. A drain
clectrode 10 of the pixel transistor 5 1s connected to pixel
clectrodes 11a to 11d provided at one side of the liquid crystal
layer 6. In addition, common electrodes 12q and 126 are
installed to the other side of the liquid crystal layer 6. More-
over, the common electrode 12a 1s one example of a “first
common electrode” of the present disclosure, and the com-
mon electrode 126 1s one example of a “second common
clectrode” of the present disclosure.

Here, 1n the first embodiment, as shown 1n FIG. 2, 1n a
region where a plurality of pixels 2 are provided, the single
common electrode 12a 1s installed so that the displaying
subpixels 2a to 2¢ and the viewing angle controlling subpixel
2d are electrically independent from each other. In addition,
in a region where a plurality of pixels 2 are provided, the
common electrode 12a provided to the displaying subpixels
2a to 2¢ 15 connected to a single first common electrode line
13. Further, the common electrode 125 provided to the view-
ing angle controlling subpixel 24 1s connected to a single
second common electrode line 14. By doing so, as shown 1n
FIG. 3, 1in the region where the plurality of pixels 2 are
provided, the first common electrode line 13 (the common
clectrode 12a) provided to the displaying subpixels 2a to 2¢
and the second common electrode line 14 (the common elec-
trode 12b) provided to the viewing angle controlling subpixel
2d are configured to be electrically independent from each
other.

In addition, as shown 1n FIG. 1, the drain electrode 10 of the
pixel transistor S 1s respectively electrically connected to one
clectrode of the retention capacitors 7a to 7d. Moreover, in the
first embodiment, as shown 1n FIG. 2, 1n the region where the
plurality of pixels 2 are provided, the retention capacitors 7a
to 7c¢ and the retention capacitor 7d are installed so that the
displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixels 24 are electrically independent from each
other. In addition, 1n the region where the plurality of pixels 2
are provided, the retention capacitors 7a to 7¢ provided to the
displaying subpixels 2a to 2¢ are connected to a single first
retention capacitor line 135. Moreover, the retention capacitor
7d provided to the viewing angle controlling subpixel 2d 1s
connected to a single second retention capacitor line 16. By
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doing so, as shown 1n FIG. 3, 1n the region where the plurality

of pixels 2 are provided, the first retention capacitor line 15
(the retention capacitors 7a to 7¢) provided to the displaying
subpixels 2a to 2¢ and the second retention capacitor line 16
(the retention capacitor 7d) provided to the viewing angle 5
controlling subpixel 24 are configured to be electrically inde-
pendent from each other. In addition, the first retention
capacitor line 15 and the second retention capacitor line 16
are connected to a first COM 18, described later. Moreover,
the same potential (equal to or greater than OV and equal toor 10
smaller than 5 V) as a potential applied to the first common
clectrode line 13 and the second common electrode line 14 1s
applied to the first retention capacitor line 15 and the second
retention capacitor line 16.

In addition, as shown 1n FIG. 1, a driving IC 17 1s installed 15
to the liquid crystal display 100 so that a signal 1s sent from the
driving IC 17 to the display unit 1. Moreover, the first COM
18 1s mnstalled to the liquid crystal display 100 so that a signal
1s sent from the driving IC 17 to the first COM 18. The first
COM 18 1s configured to apply a predetermined common 20
potential (equal to or greater than OV and equal to or smaller
than 5 V) to the displaying subpixels 2a to 2¢ and the viewing,
angle controlling subpixel 24 based on the signal sent from
the driving IC 17. In addition, the first COM 18 1s one
example of a “potential supplying unit” and a “first potential 25
supplying unit” of the present disclosure. In the region of the
display unit 1, the first COM 18 1s connected to the first
common electrode line 13 and the second common electrode
line 14. Moreover, a backlight 19 1s installed to the liqud
crystal display 100 so that a signal 1s sent thereto from the 30
driving IC 17. The backlight 19 1s configured to 1irradiate light
from an opposite side of the display umit 1. In addition, in the
firstembodiment, a common potential equal to or greater than
0V and equal to or smaller than 5 V 1s applied to the first
common electrode line 13 and the second common electrode 35
line 14.

Next, the detailed configuration of the pixel 2 will be
described with reference to FIG. 4. The gate electrode 8 1s
formed on a TFT substrate 20. In addition, the TFT substrate
20 1s one example of a “first substrate” of the present disclo- 40
sure. An insulating film 21 made of SiN or the like 1s formed
on the surface of the gate electrode 8. The gate electrode 8 of
cach subpixel 1s electrically connected to the corresponding
gate line 3 (see FIG. 1). The insulating film 21 has a function
of a gate mnsulating film of the pixel transistor 5. A semicon- 45
ductor layer 22 made of amorphous silicon (a-S1) 1s formed on
the gate electrode 8 by means of the insulating film 21. The
semiconductor layer 22 has a two-layer structure including an
a-S1 layer which 1s a lower layer and an n+S51 layer having
n-type conductivity which 1s an upper layer. In addition, the 50
n+S1layer which is the upper layer of the semiconductor layer
22 1s formed to enhance the transmission efficiency of a
carrietr.

When seen from the plane, the source electrode 9 and the
drain electrode 10 are formed on the surface of the semicon- 55
ductor layer 22 to overlap the semiconductor layer 22. The
source electrode 9 of each subpixel 1s electrically connected
to each corresponding signal line 4 (see FIG. 1). In addition,
in the region where the semiconductor layer 22 1s interposed
between the source electrode 9 and the drain electrode 10, the 60
n+S1 layer of the upper layer 1s removed so that the channel 1s
formed by the a-S1 layer which 1s the lower layer. A passiva-
tion film 23 made of SiN 1s formed on the surfaces of the
source electrode 9 and the drain electrode 10. A flattened film
24 made of acrylic resin 1s formed on the surface of the 65
passivation film 23. The pixel electrodes 11a to 11d are
tformed on the surface of the flattened film 24 and are electri-
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cally connected to the drain electrode 10. An alignment film
41 1s formed on the surfaces of the pixel electrodes 11a to 114.
In addition, a potential equal to or greater than 0 V and equal
to or smaller than 5V 1s applied to the pixel electrodes 11a to
11c¢ provided to the displaying subpixels 2a to 2¢. A potential
equal to or greater than —10V and equal to or smaller than 15
V 1s applied to the pixel electrode 11d provided to the viewing
angle controlling subpixel 2d. By doing so, a potential equal
to or greater than O V and equal to or smaller than 5 V 1s
applied to the region of the liquid crystal region 6 provided to
the displaying subpixels 2a to 2¢, and a potential equal to or
greater than OV and equal to or smaller than 15V 1s applied
to the region of the liquid crystal layer 6 provided to the
viewing angle controlling subpixel 2d.

In addition, as shown 1n FIG. 2, 1n the alignment film 41, a
rubbing process 1s performed to the displaying subpixels 2a to
2¢ and the viewing angle controlling subpixel 24 in different
directions. By doing so, liquid crystal molecules (the liquid
crystal layer 6) are aligned in different directions onto the
displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixel 2d.

In addition, as shown 1n FIG. 4, an opposite substrate 25 1s
installed to face the TF'T substrate 20 with the liquid crystal
layer 6 being interposed therebetween. Moreover, the oppo-
site substrate 25 1s one example of a “second substrate™ of the
present disclosure. A light shielding film (black matrix) 26 1s
formed on the surface of the opposite substrate 25 at a loca-
tion corresponding to the region where the pixel transistor 5
on the TF'T substrate 20 1s provided, and a color filter 27 of
cach corresponding color (2¢ (blue: B) 1n FI1G. 4) 1s formed 1n
a region corresponding to each displaying subpixel 2a to 2c.
In addition, in the region corresponding to the viewing angle
controlling subpixel 24, the color filter 277 1s not formed, and
an overcoat layer 28 1s formed on the surfaces of the light
shielding film 26 and the color filter 27. An alignment {ilm 42
1s 1nstalled on the surface of the overcoat layer 28.

In addition, in the first embodiment, the displaying subpix-
els 2a to 2¢ and the viewing angle controlling subpixel 24 are
configured in an ECB (FElectrically Controlled Birefringence)
mode which 1s a vertical electric field system 1n which a liquid
crystal 1s operated by a vertical electric field generated
between the common electrodes 12a and 1256 formed at the
TFT substrate 20 and the pixel electrodes 11a to 114.

In this configuration, the viewing angle 1s not controlled 11
the viewing angle controlling subpixel 24 1s not operated, and
the display image displayed on the display unit 1 may be
recognized not only 1n a front direction but also 1n an inclined
direction. Meanwhile, 1n a case where the viewing angle
controlling subpixel 24 1s operated, the light emitting from
the viewing angle controlling subpixel 24 1s overlapped with
the light (1image) 1n an inclined direction which emits from
cach displaying subpixel 2a to 2¢ so that the contrast of the
image deteriorates 1n the inclined direction. In addition, to the
extent that the contrast deteriorates, the display image dis-
played on the display unit 1 becomes unrecognizable (the
viewing angle 1s controlled) when the display umt 1 1s
watched 1n an 1inclined direction.

In the first embodiment, 1n the region where each of the
plurality of pixels 2 1s provided, the common electrodes 12a
and 125 and the retention capacitors 7a to 7d are provided to
the plurality of displaying subpixels 2a to 2¢ and the viewing
angle controlling subpixel 24 to be electrically independent
from each other, so that the displaying subpixels 2a to 2¢ and
the viewing angle controlling subpixel 2d are electrically
independent in the region where the pixel 1s provided, and
therefore the displaying subpixels 2a to 2¢ and the viewing
angle controlling subpixel 24 do not easily have any electric
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influence on each other. By doing so, 1t 1s possible to suppress
the fluctuation of the potential applied to the common elec-
trode 124 and the retention capacitors 7a to 7¢ provided to the
displaying subpixels 2a to 2¢ and the common electrode 1256
and the retention capacitor 7d provided to the viewing angle
controlling subpixel 2d, and therefore 1t 1s possible to sup-
press the deterioration of display quality.

In addition, 1n the first embodiment, as described above, 1n
the region where each of the plurality of pixels 2 1s provided,
the common electrode 124 1s connected to the common elec-
trode line 13, and the common electrode 1254 1s connected to
the common electrode line 14. In addition, the retention
capacitors 7a to 7¢ are connected to the retention capacitor
line 15, and the retention capacitor 7d 1s connected to the
retention capacitor line 16. Due to the connection to the
common ¢lectrode lines 13 and 14 and the retention capacitor
lines 15 and 16 which ensures that the displaying subpixels 2a
to 2¢ and the viewing angle controlling subpixel 2d are elec-
trically independent from each other, it 1s possible to prevent
the potential applied to the common electrode 12a connected
to the common electrode line 13 of the displaying subpixels
2a to 2¢ and the common electrode 1256 connected to the
common ¢lectrode line 14 of the viewing angle controlling
subpixel 24 from fluctuating, and therefore 1t 1s possible to
suppress the deterioration of display quality.

In addition, 1n the first embodiment, as described above,
the single common electrode 12a commonly formed at the
plurality of displaying subpixels 2a to 2¢ 1s connected to the
single first common electrode line 13, and the single common
clectrode 126 formed at the viewing angle controlling sub-
pixel 2d 1s connected to the single second common electrode
line 14 so that, at least in the region where each of the plurality
of pixels 2 1s provided, the common electrode 12a and the
single common electrode 126 are provided to be electrically
independent from each other, and so that the single first com-
mon electrode line 13 connected to the common electrode
12a 1s provided to the single second common electrode line
14 connected to the single common electrode 125 to be elec-
trically independent from each other.

In addition, 1n the first embodiment, as described above,
the plurality of retention capacitors 7a to 7¢ formed at the
plurality of displaying subpixels 2a to 2¢ are connected to the
single first retention capacitor line 15, and the retention
capacitor 7d formed at the viewing angle controlling subpixel
2d 1s connected to the single second retention capacitor line
16 so that, at least in the region where each of the plurality of
pixels 2 1s provided, the retention capacitors 7a to 7c and the
single retention capacitor 7d are provided to be electrically
independent from each other, and so that the single first reten-
tion capacitor line 135 connected to the retention capacitors 7a
to 7c 1s provided with the single second retention capacitor
line 16 connected to the single retention capacitor 74 to be
clectrically independent from each other.

In addition, 1n the first embodiment, as described above,
the plurality of displaying subpixels 2a to 2¢ and the viewing
angle controlling subpixel 2d are operated by the vertical
clectric field generated between the pixel electrodes 11a to
114 and the common electrodes 12a and 1254 so that, in the
region where each of the plurality of pixels 2 1s provided, the
common electrodes 12a and 125 and the retention capacitors
7a to 7d are provided to the plurality of displaying subpixels
2a to 2¢ and the viewing angle controlling subpixel 2d to be
clectrically independent from each other. Therefore, in the
displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixel 24, the deterioration of display quality caused
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by the tfluctuation of the potential with any one of the common
clectrodes 12a and 125 and the retention capacitors 7a to 7d
may be suppressed.

In addition, 1n the first embodiment, as described above,
the first COM 18 1s provided so that the common potential
may be easily applied to the common electrode 12a provided
to the plurality of displaying subpixels 2a to 2¢ and the
common ¢lectrode 126 provided to the viewing angle con-
trolling subpixel 24 by the first COM 18.

Second Embodiment

Next, the second embodiment will be described with ret-
erence to FIGS. 5 and 6. The second embodiment illustrates
an example 1n which the displaying subpixels 2a to 2c and the
viewing angle controlling subpixel 24 are configured to be
clectrically independent from each other only for the reten-
tion capacitors, unlike the first embodiment showing the
example 1n which the displaying subpixels 2a to 2¢ and the
viewing angle controlling subpixel 24 are provided to be
clectrically independent from each other for both of the com-
mon electrodes and the retention capacitors.

In the liquid crystal display 100a of the second embodi-
ment, as shown 1n FIGS. 5 and 6, the common electrode 12a
provided to the displaying subpixels 2a to 2¢ of a plurality of
pixels 201 and the common electrode 126 provided to the
viewing angle controlling subpixel 24 are electrically con-
nected to a single first common electrode line 29. The first
common electrode line 29 1s connected to the first COM 18,
and a common potential equal to or greater than OV and equal
to or smaller than 5V 1s applied thereto.

In addition, in the second embodiment, the retention
capacitors 7a to 7c provided to the displaying subpixels 2a to
2¢ and the retention capacitor 7d provided to the viewing
angle controlling subpixel 24 are respectively connected to
the first retention capacitor line 15 and the second retention
capacitor line 16 to be clectrically independent from each
other so that the retention capacitors 7a to 7¢ and the retention
capacitor 7d are electrically independent from each other. In
addition, the first retention capacitor line 15 and the second
retention capacitor line 16 are connected to the first COM 18
or the like. Moreover, the same potential (equal to or greater
than 0 V and equal to or smaller than 5 V) as the potential
applied to the first common electrode line 13 and the second
common electrode line 14 1s applied to the first retention
capacitor line 15 and the second retention capacitor line 16.

In addition, other configurations of the second embodi-
ment are 1dentical to those of the first embodiment.

In the second embodiment, as described above, 1n the
region where each of the pixels 2 1s provided, the retention
capacitors 7a to 7d are provided to the displaying subpixels
2a to 2¢ and the viewing angle controlling subpixel 2d to be
clectrically independent from each other so that the display-
ing subpixels 2a to 2c¢ are electrically independent from the
viewing angle controlling subpixel 24 1n the region where the
pixel 2 1s provided, unlike the case 1 which the retention
capacitors 7a to 7c provided to the displaying subpixels 2a to
2¢ are electrically connected to the retention capacitor 7d

provided to the viewing angle controlling subpixel 24 1n the
region where the pixel 2 1s provided. Theretfore, the display-
ing subpixels 2a to 2¢ and the viewing angle controlling
subpixel 2d do not easily have any electric influence on each
other, which prevents the display quality from deteriorating.

In addition, other effects of the second embodiment are
identical to those of the first embodiment.

Third Embodiment

Next, the third embodiment will be described with refer-
ence to FIGS. 7 and 8. In the third embodiment, unlike the first
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embodiment showing the example 1mn which the displaying
subpixels 2a to 2¢ and the viewing angle controlling subpixel

2d are provided to be electrically independent from each other
for both of the common electrodes and the retention capaci-
tors, the third embodiment 1llustrates an example 1n which the
displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixel 24 are configured to be electrically independent
from each other only for the common electrodes.

In the liquid crystal display 10056 of the third embodiment,
as shownin FIG. 7, in the region in which each of the plurality
ol pixels 202 1s provided, the common electrode 12a provided
to the displaying subpixels 2a to 2¢ of a plurality of pixels 202
and the common electrode 125 provided to the viewing angle
controlling subpixel 24 are electrically connected to the first
common ¢lectrode line 13 and the second common electrode
line 14 to be electrically independent from each other. The
first common electrode line 13 and the second common elec-
trode line 14 are connected to the first COM 18. In addition,
a common potential equal to or greater than 0 V and equal to
or smaller than 5V 1s applied to the first common electrode
line 13 and the second common electrode line 14.

By doing so, as shown in FIG. 8, 1n the region where each
of the plurality of pixels 202 1s provided, the first common
clectrode line 13 (the common electrode 12a) provided to the
displaying subpixels 2a to 2¢ and the second common elec-
trode line 14 (the common electrode 126) provided to the
viewing angle controlling subpixel 24 are configured to be
clectrically independent from each other.

In addition, 1n the third embodiment, as shown in FIG. 7,
the retention capacitors 7a to 7¢ provided to the displaying
subpixels 2a to 2¢ and the retention capacitor 7d provided to
the viewing angle controlling subpixel 2d are electrically
connected to a single first retention capacitor line 30.

By doing so, as shown 1n FIG. 8, 1n the region where each
of the plurality of pixels 202 1s provided, the retention capaci-
tors 7a to 7¢ provided to the displaying subpixels 2a to 2c and
the retention capacitor 74 provided to the viewing angle con-
trolling subpixel 24 are electrically connected to a single first
retention capacitor line 30.

In addition, other configurations of the third embodiment
are 1dentical to those of the first embodiment.

In the third embodiment, as described above, 1n the region
where each of the plurality of pixels 2 1s provided, the com-

mon electrodes 12a and 125 are provided to the plurality of

displaying subpixels 2a to 2¢ and the viewing angle control-
ling subpixel 2d to be electrically independent from each
other so that the displaying subpixels 2a to 2¢ are electrically
independent from the viewing angle controlling subpixel 2d
in the region where the pixel 2 1s provided, unlike the case 1n
which the common electrode 12a provided to the displaying,
subpixels 2a to 2c¢ 1s electrically connected to the common
clectrode 1256 provided to the viewing angle controlling sub-
pixel 24 1n the region where the pixel 2 1s provided. Therefore,
the displaying subpixels 2a to 2¢ and the viewing angle con-
trolling subpixel 24 do not easily have any electric influence
on each other, which may prevent the display quality from
deteriorating.

In addition, other effects of the third embodiment are 1den-
tical to those of the first embodiment.

Fourth Embodiment

Next, the fourth embodiment will be described with refer-
ence to FIGS. 9 to 11. In the fourth embodiment, unlike the
first embodiment showing an example in which the display-
ing subpixels 2a to 2¢ and the viewing angle controlling
subpixel 24 of a plurality of pixels 2 are operated using the
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vertical electric field system, an example in which displaying,
subpixels 2e to 2g and a viewing angle controlling subpixel 2/
of a plurality of pixels 2 are operated using a lateral electric
field system 1s described.

In the liquid crystal display 100c¢ of the fourth embodiment,
as shown in FIG. 11, pixel electrodes 11e to 11/ are formed at
the displaying subpixels 2¢ to 2g and the viewing angle con-
trolling subpixel 2/ of a plurality of pixels 203. An insulation
f1lm 33 1s formed on the surface of the pixel electrodes 11e to
11/2. Common electrodes 12¢ and 12d are formed on the
surface of the insulation film 33. In addition, the common
clectrode 12¢ 1s one example of a “first common electrode™ of
the present disclosure, and the common electrode 124 1s one
example of a “second common electrode” of the present
disclosure. By doing so, the liquid crystal 1s operated by the
lateral electric field generated between the common elec-
trodes 12¢ and 124 formed at the TFT substrate 20 and the
pixel electrodes 11eto 11/ 1 a FFS (Fringe Field Switching)
mode of the lateral electric field system. In addition, the TFT
substrate 20 1s one example of a “third substrate” of the
present disclosure.

In addition, as shown 1n FIG. 9, a V-shaped slit 121c¢ 1s
formed 1n the common electrode 12¢ provided to the display-
ing subpixels 2e, 2/ and 2¢g when seen from the plane. In
addition, a rectangular-shaped slit 1214 extending 1 an X
direction 1s formed 1n the common electrode 124 provided to
the viewing angle controlling subpixel 2/, when seen from
the plane.

In addition, 1n the fourth embodiment, the common elec-
trode 12¢ provided to the displaying subpixels 2e to 2g 1s
connected to a single first common electrode line 31. More-
over, the common electrode 124 provided to the viewing
angle controlling subpixel 2/ 1s connected to a single second
common electrode line 32.

By doing so, as shown in FIG. 10, 1n the region where each
of the plurality of pixels 203 is provided, the first common
clectrode line 31 (the common electrode 12¢) provided to the
displaying subpixels 2e to 2g and the second common elec-
trode line 32 (the common electrode 12d) provided to the
viewing angle controlling subpixel 2/ are provided to be
clectrically independent from each other.

In addition, a common potential equal to or greater than O
V or equal to or smaller than 5V 1s applied to the first common
clectrode line 31 and the second common electrode line 32.
Moreover, 1n a case where the displaying subpixels 2e to 2g
and the viewing angle controlling subpixel 2/ are configured
in the lateral electric field system, the retention capacitor 1s
formed between the pixel electrode 11e (117, 11g, 11/) and
the common electrode 12¢ (12d).

In addition, other configurations of the fourth embodiment
are 1dentical to those of the first embodiment.

In the fourth embodiment, as described above, in each of
the plurality of pixels 203, the plurality of displaying subpix-
¢ls 2e to 2¢ and the viewing angle controlling subpixel 2/ are
operated by the lateral electric field generated between the
pixel electrodes 11e to 11/ and the common electrodes 12¢
and 124 so that the common electrodes 12¢ and 12d are
provided to the displaying subpixels 2e to 2¢ and the viewing
angle controlling subpixel 2/ to be electrically independent
from each other in the region where each of the plurality of
pixels 203 1s provided. Theretfore, 1n the displaying subpixels
2¢ to 2¢g and the viewing angle controlling subpixel 24, 1t 1s
possible to prevent the display quality from deteriorating due
to the fluctuation of the potential of the common electrodes
12¢ and 124.

In addition, other effects of the fourth embodiment are
identical to those of the first embodiment.




US 8,848,150 B2

13

Fitth Embodiment

Next, the fifth embodiment will be described with refer-
ence to FIGS. 12 to 15. In the fifth embodiment, unlike the
fourth embodiment showing the example 1n which the view-
ing angle controlling subpixel 2/ of the plurality of pixels 203
1s operated 1n the lateral electric field system, an example 1n
which the viewing angle controlling subpixel 24 of a plurality
of pixels 204 1s operated 1n a vertical electric field will be

described.
In the liquid crystal display 1004 of the fifth embodiment,

as shown 1n FIG. 12, a second COM 34 1s installed to the
liqguid crystal display 100d. A signal 1s provided from the
driving IC 17 to the second COM 34. In addition, the secon

COM 34 1s one example of a “second potential supplying
unit” of the present disclosure. The second COM 34 is con-
figured to apply a common potential to the viewing angle

controlling subpixel 24 of the display unit 1, which 1s unlike
the first COM 18. In addition, as shown in FIG. 15, the
displaying subpixels 2e to 2¢g of the plurality of pixels 204 are
operated 1n the lateral electric field system, while the viewing
angle controlling subpixel 2d 1s operated using the vertical
clectric field system.

In addition, 1n the fifth embodiment, as shown 1n FIG. 13,
the common electrode 12¢ provided to the displaying subpix-
els 2e to 2g 1s electrically connected to a single first common
clectrode line 35. The first common electrode line 35 1s elec-
trically connected to the first COM 18. In addition, the com-
mon electrode 1256 provided to the viewing angle controlling
subpixel 2d 1s connected to a single second common electrode
line 36. The second common electrode line 36 1s electrically
connected to the second COM 34.

By doing so, as shown in FIG. 14, the {first common elec-
trode line 35 (the common electrode 12¢) provided to the
displaying subpixels 2e to 2g and the second common elec-
trode line 36 (the common electrode 12b6) provided to the
viewing angle controlling subpixel 24 are configured to be
clectrically independent from each other. In addition, the
retention capacitor 7d provided to the viewing angle control-
ling subpixel 24 1s electrically connected to a single second
retention capacitor line 16.

In addition, a common potential (a first common potential )
equal to or greater than O V and equal to or smaller than SV
1s applied to the first common electrode line 35, and a com-
mon potential (a second common potential) equal to or
greater than OV and equal to or smaller than 5V 1s applied to
the second common electrode line 36.

In addition, other configurations of the fifth embodiment
are 1dentical to those of the fourth embodiment.

In the fifth embodiment, as described above, 1n each of the
plurality of pixels 204, the plurality of displaying subpixels
2¢ to 2g are configured to be operated by the lateral electric
field generated respectively between the pixel electrodes 11e
to 11¢ and the common electrode 12¢, and 1n each of the
plurality of pixels 204, the viewing angle controlling subpixel
2d 1s configured to be operated by the vertical electric field
generated between the pixel electrode 114 and the common
clectrode 125, so that, in the region where each of the plurality
of pixels 204 1s provided, the common electrodes 12c and 1256
and the retention capacitor 7d are provided to the plurality of
displaying subpixels 2e to 2g and the viewing angle control-
ling subpixel 2d to be electrically independent from each
other. By doing so, in the displaying subpixels 2e to 2g using
the lateral electric field system and the viewing angle control-
ling subpixel 24 using the vertical electric field system, 1t 1s
possible to prevent the display quality from deteriorating due
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to the fluctuation of the potential of at least one of the com-
mon electrodes 12¢ and 125 and the retention capacitor 7d.

In addition, 1n the fifth embodiment, as described above, as
the potential supplying unit includes the first COM 18 and the
second COM 34, a common potential may be securely
applied to the common electrode 12¢ provided to the plurality
of displaying subpixels 2e to 2¢g by means of the first COM 18,
and a common potential may also be applied to the common
clectrode 125 provided to the viewing angle controlling sub-
pixel 2d by means of the second COM 34. Therefore, 1t 15
possible to apply different common potentials.

Other effects of the fifth embodiment are 1dentical to those
of the fourth embodiment.

FIGS. 16 to 18 are diagrams for i1llustrating first and third
examples of an electronic device using the liquid crystal
display 100,100q, 1005, 100¢, and 1004 according to the first
to fifth embodiments, respectively. The electronic device

using the liquid crystal display 100, 100a, 1005, 100c, and
1004 according to the first to fifth embodiments will be
described with reference to FIGS. 16 to 18.

The liguid crystal display 100, 1004, 1005, 100¢, and 1004
according to the first to fifth embodiments may be used for a
PC (Personal Computer) 300 as a first example, for a cellular
phone 310 as a second example, and for a portable informa-
tion terminal (PDA: Personal Digital Assistant) 320 as a third
example, as shown 1n FIGS. 16 to 18. In the PC 300 which 1s
the first example shown 1n FIG. 16, the liquid crystal display
100, 1004a, 1005, 100c, and 1004 according to the first to fifth
embodiments may be used for an mput umt 300a such as a
keyboard or a display screen 3005. In the cellular phone 310
which 1s the second example shown 1n FIG. 17, the liquad
crystal display 100, 100a, 1005, 100¢, and 1004 according to
the first to fifth embodiment may be used for a display screen
310a. In the PDA 320 which 1s the third example shown 1n
FIG. 18, the liquid crystal display 100, 100a, 10056, 100¢, and
1004 according to the first to fifth embodiments may be used
for a display screen 320aq.

Even though 1t 1s described in the first to fifth embodiments
that the displaying subpixels and the viewing angle control-
ling subpixel are operated 1n a vertical electric field system
such as ECB or 1n a lateral electric field system such as FFS,
they may also be operated 1n a vertical electric field system
such as TN (Twisted Nematic) or a lateral electric field system
such as IPS (In Plane Switching) without being limited
thereto.

In addition, even though 1t 1s described 1n the first to fifth
embodiments that the plurality of common electrodes pro-
vided to the plurality of displaying subpixels 1s connected to
a single common electrode line, 1t 1s also possible that one
common electrode 1s connected to one common electrode line
without being limited thereto.

Moreover, even though 1t 1s described 1n the first to fifth
embodiments that the displaying subpixels are composed of
three subpixels of R, G and B, the disclosure 1s not limited
thereto and the number of displaying subpixels may be other
than three.

In addition, even though 1t 1s described in the fourth
embodiment that the common electrode of the viewing angle
controlling subpixel 1s formed at the upper layer of the com-
mon electrode of the displaying subpixels, the common elec-
trode of the viewing angle controlling subpixel may also be
formed at the lower layer of the common electrode of the
displaying subpixels.

In addition, even though 1t 1s described in the fourth
embodiment that the common electrode 1s formed through
insulation film on the surface of the pixel electrode, the pixel
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clectrode may also be formed through the insulation film on
the surface of the common electrode without being limited
thereto.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled i the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It 1s therefore
intended that such changes and modifications be covered by
the appended claims.

The mvention 1s claimed as follows:

1. A liguid crystal display comprising:

a plurality of pixels including a plurality of displaying
subpixels corresponding to various colors and a viewing,
angle controlling subpixel for controlling a viewing
angle;

a common electrode and a retention capacitor respectively
provided to each of the plurality of pixels;

a common electrode line electrically connected to the com-
mon electrode; and

a retention capacitor line electrically connected to the
retention capacitor,

the common electrode including a first common electrode
commonly formed at the plurality of displaying subpix-
els and a second common electrode formed at the view-
ing angle controlling subpixel,

wherein the common electrode line includes a first com-
mon electrode line connected to the first common elec-
trode and a second common electrode line connected to
the second common electrode,

wherein the first common electrode line and the second
common electrode line are not connected to each other
in a region where each of the plurality of pixels is pro-
vided,

wherein the retention capacitor includes a {first retention
capacitor disposed at the plurality of displaying subpix-
els and a second retention capacitor disposed at the
viewing angle controlling subpixel, and

wherein the retention capacitor line includes a first reten-
tion capacitor line connected to the first retention capaci-
tor and a second retention capacitor line connected to the
second retention capacitor,

wherein the plurality of first retention capacitors formed at
the plurality of displaying subpixels 1s connected to the
first retention capacitor line, and

wherein the second retention capacitor formed at the view-
ing angle controlling subpixel 1s connected to the second
retention capacitor line,

wherein the first and the second retention capacitor lines
are not connected to each other 1n the region where each
of the plurality of pixels 1s provided,

wherein the first common electrode line 1s connected to the
first retention capacitor, and

wherein electric potentials applied to the first common
clectrode line and the second common electrode line are
different from each other.

2. The liqud crystal display according to claim 1, further

comprising;

a first substrate;:

a pixel transistor formed on the surface of the first sub-
strate;

a pixel electrode electrically connected to the pixel transis-
tor; and

a second substrate provided to face the first substrate with
a liquid crystal layer being interposed between the first
and second substrates,
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wherein the common electrode 1s formed on a surface of
the second substrate at a side of the liquid crystal layer,

wherein the plurality of displaying subpixels and the view-
ing angle controlling subpixel are configured to be oper-
ated by a vertical electric field generated between the
pixel electrode and the common electrode, and

wherein, 1n the region where each of the plurality of pixels
1s provided, at least one of the common electrode and the
retention capacitor 1s provided so that the plurality of
displaying subpixels and the viewing angle controlling
subpixel are electrically independent from each other.

3. The liguid crystal display according to claim 1, turther

comprising;
a third substrate:
a pixel transistor formed on the surface of the third sub-

strate; and

a pixel electrode provided to the third substrate and elec-
trically connected to the pixel transistor,

wherein the common electrode 1s formed on the surface of
the pixel electrode of the third substrate by an insulation
film,

wherein the plurality of displaying subpixels and the view-
ing angle controlling subpixel are configured to be oper-
ated by a lateral electric field generated between the
pixel electrode and the common electrode 1n each of the
plurality of pixels, and

wherein, 1n the region where each of the plurality of pixels
1s provided, at least one of the common electrode and the
retention capacitor 1s provided so that the plurality of
displaying subpixels and the viewing angle controlling
subpixel are electrically independent from each other.

4. The liqud crystal display according to claim 1, further
comprising a pixel electrode respectively provided to the
plurality of displaying subpixels and the viewing angle con-
trolling subpixel,

wherein the plurality of displaying subpixels are config-
ured to be operated by a lateral electric field generated
between the pixel electrode and the common electrode
in each of the plurality of pixels,

wherein the viewing angle controlling subpixel 1s config-
ured to be operated by a vertical electric field generated
between the pixel electrode and the common electrode
in each of the plurality of pixels, and

wherein, 1n the region where each of the plurality of pixels
1s provided, at least one of the common electrode and the
retention capacitor 1s provided so that the plurality of
displaying subpixels and the viewing angle controlling
subpixel are electrically independent from each other.

5. The liqud crystal display according to claim 1, further
comprising a potential supplying unit which applies a com-
mon potential to the common electrode provided to the plu-
rality of displaying subpixels and the common electrode pro-
vided to the viewing angle controlling subpixel.

6. The liqguid crystal display according to claim 3, wherein
the potential supplying unit includes a first potential supply-
ing unit which applies a first common potential to the com-
mon electrode provided to the plurality of displaying subpix-
cls and a second potential supplying unit which applies a
second common potential to the common electrode provided
to the viewing angle controlling subpixel.

7. An electronic device having a liquid crystal display, the
liquad crystal display comprising:

a plurality of pixels including a plurality of displaying
subpixels corresponding to various colors and a viewing,
angle controlling subpixel for controlling a viewing
angle;
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a common electrode and a retention capacitor respectively
provided to each of the plurality of pixels;

a common electrode line electrically connected to the com-
mon electrode; and

a retention capacitor line electrically connected to the
retention capacitor,

the common electrode including a first common electrode
commonly formed at the plurality of displaying subpix-
els and a second common electrode formed at the view-
ing angle controlling subpixel,

wherein the common electrode line includes a first com-
mon electrode line connected to the first common elec-
trode and a second common electrode line connected to
the second common electrode,

wherein the first common electrode line and the second
common electrode line are not connected to each other
in a region where each of the plurality of pixels is pro-
vided,

wherein the retention capacitor includes a first retention
capacitor disposed at the plurality of displaying subpix-
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els and a second retention capacitor disposed at the
viewing angle controlling subpixel, and

wherein the retention capacitor line includes a first reten-
tion capacitor line connected to the first retention capaci-
tor and a second retention capacitor line connected to the
second retention capacitor,

wherein the plurality of first retention capacitors formed at
the plurality of displaying subpixels 1s connected to the
first retention capacitor line, and

wherein the second retention capacitor formed at the view-

ing angle controlling subpixel 1s connected to the second
retention capacitor line,

wherein the first and the second retention capacitor lines
are not connected to each other 1n the region where each
of the plurality of pixels 1s provided,

wherein the first common electrode line 1s connected to the
first retention capacitor, and

wherein electric potentials applied to the first common
clectrode line and the second common electrode line are
different from each other.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

